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Abstract 

 

Background: 

HIV infection has often been linked to faster immune aging. We sought to determine whether or 

not treatment-naïve spontaneous HIV-1 controllers (HICs) and ART-exposed patients differ with 

regard to the expression of cell senescence markers. 

Methods: 

Eighty-two chronically infected HICs and ART-exposed patients (median time since infection: 15 

years) with an undetectable plasma HIV RNA load (for at least the previous two years) were 

included. We used flow cytometry to measure immunosenescence markers (KLRG-1 and CD57) 

expression in fresh blood samples collected from patients and healthy donors (HDs). 

Results: 

For the CD8
+
 T cell population as a whole, the ART-exposed patients and the HICs exhibited a 

much higher proportion of KLRG-1
+
 CD8

+
 T cells (but not CD57

+
 CD8

+
 T cells) than HDs. For the 

CD8 T cell subsets, HICs had a lower proportion of CD57
+
 effector CD8

+
 T cells than ART 

patients or HDs, whereas the proportions of KLRG-1
+
 effector were similar. A similar trend was 

observed for terminal effectors. Expression of CD57 was correlated with the CD8 count. The 

cytotoxic granule content was greater in the CD57
+
 fraction than in the CD57

-
 fraction in both the 

HIC and ART groups. However, when considering the CD57
-
 effector memory and effector 

subsets, the cytotoxic granule content was greater in HICs than in the ART-exposed patients. 

 

Conclusion: 

The proportion of CD57
+
 effector CD8

+
 T cells is lower in HICs than in ART-exposed patients. 

This difference might boost the CD8 response and/or reflect limited senescence of the effector 

fraction. 

 

Keywords: CD8 effector function, CD57, senescence, terminal differentiation, cytotoxic function, 

replicative senescence, aging.  
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Introduction 

Immune dysregulation (e.g. immunosenescence and chronic inflammation) is a biological process 

that has often been linked to HIV infection; it is attracting increasing attention as the HIV-infected 

population ages. Accelerated aging may indeed contribute to cardiovascular diseases, non-AIDS 

cancers, diabetes, and cirrhosis [1,2]. Immunosenescence of T cells is characterized by decrease in 

the CD4/CD8 ratio and the percentage of naive T cells, and by an increase in the percentage of 

terminally differentiated CD28
-
 T cells [3]. Along with assays of T cell differentiation markers, the 

various memory cell subpopulations are usually evaluated further by measuring the CD57 and 

killer cell lectin‐like receptor‐1 (KLRG‐1) marker [3,4]. 

CD57 is a marker routinely used to explore senescence, although its exact relevance in this context 

is subject to debate [5]. The marker has been linked to replicative senescence: CD57
+
CD8

+
 T cells 

display a low proliferative capacity and elevated susceptibility to antigen-induced apoptosis [6]. 

Expression of CD57 also identifies terminally differentiated T cells, i.e. those able to produce 

cytokines and which have a high cytotoxic potential [7,8]. Furthermore, expression of CD57 is 

associated with specific migratory potencies [7]. In vitro, CD57 expression on CD8
+
 T cells has 

also been linked to immunosuppressive function [9–11] - suggesting that the functional activity of 

CD57
+
 CD8

+
 T cells may be more complex than initially thought. Lastly, a recent study of 

CD45RA
+
 terminal effector (TE) CD8

+
 T cells demonstrated that the CD57

-
 TE fraction exhibited 

greater functional plasticity than their CD57
+
 counterparts [12]. This finding indicates that a high 

proportion of CD57
+
 cells may be associated with a poor immune response. Overall, CD57

+
CD8

+
 T 

cells appear to have several functional properties. Nevertheless, CD57
+
 cells have been 

predominantly associated with senescence [13]. Elevated percentages of CD57
+
 cells have been 

described in the setting of CMV infection and in older adults [14]. It has been found that CD8
+
 T 

cells from various subgroups of HIV-infected people (ART-naïve patients, ART-exposed patients, 

viremic patients, and HIV controllers [HICs, i.e. the very few patients who spontaneously control 

HIV replication]) express higher levels of CD57 than cells from non-infected people [7,14–17]. 

Other studies have reported that the proportion of CD57
+
 T cells in the CD28

-
CD8

+
 subset [16-18] 

is low during HIV infection but rises following ART. Furthermore, a low proportion of 

CD57
+
CD28

-
CD8

+
 T cells was a predictive marker of mortality among ART-exposed, HIV-
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infected patients with advanced disease [18]. Overall, the results appear to differ as a function of 

the variable studied (the proportion or absolute count of CD57
+
CD28

-
CD8

+
 T cells [19], or the 

frequency of CD57
+
 cells in the CD28

-
CD8

+
 T population [20]) and the infectious status [17]. 

However, it is generally accepted that the CD57
+
 fraction increases in chronically HIV-infected 

patients [13,21]. Data on immunosenescence in HICs are scarce. Bansal et al. [22] found that the 

results in HICs varied as a function of the percentage of CD4
+
 T cells. Ruiz-Mateo et al. studied 

immunosenescence profiles for T cells among “     ” HICs [23,24], and reported a higher 

proportion of terminally differentiated CD4
+
 T cells (but not CD8

+
 T cells) in these patients. 

The cadherin receptor KLRG-1 is another marker of immunosenescence expressed on CD8
+
 T 

cells: the proportion of KLRG1-expressing CD8
+
 T cells rises dramatically with age [25,26]; this is 

partly due to the age-related increase in the frequencies of memory cells and highly differentiated 

end-stage cells, which are predominantly KLRG-1
+
. Much as with CD57, KLRG1 is probably more 

than a senescence marker (for a review, see Henson et al. [27]). KLRG1 can also be considered as 

an activation marker because it is also used to distinguish between short-lived effector (E) CD8
+
 T 

cells (KLRG1
high

) and memory precursor E CD8
+
 T cells (KLRG1

low
) during acute viral responses 

in mice [28] or in a clinical setting [29]. Lastly, KLRG1 has a direct inhibitory effect on T cell 

activation in vitro [26]. In line with the divergent functions attributed to CD57 and KLRG1, the 

p       ’    p       expression profiles on T cells do not overlap fully [30]. KLRG1
+
CD57

-
 subsets 

reportedly retain the ability to proliferate and secrete IFN, whereas CD57
+
KLRG1

+
 subsets fail to 

proliferate and display only traces of IFN [30]. 

The objective of the present study was to investigate the senescence phenotype in chronically HIV-

infected, ART-responsive patients and in HICs with equivalent CD4
+
 T cell counts.  

 

Materials and methods 

Ethic statement 

All subjects provided their written, informed consent to participation. The study was approved by 

the local independent ethics committees consulted by the cohorts (CPP Ile de France III and VII, 

Paris, France). 
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Study participants 

Samples were collected from 82 chronically HIV-infected patients: 44 HICs enrolled in the ANRS 

CO21 CODEX cohort (no exposure to ART, and the last 5 plasma HIV RNA values below 400 

copies/mL), and 38 ART-exposed, HIV-infected patients enrolled in the ANRS CO06 PRIMO 

cohort (ART for more than 4 years, plasma HIV RNA <40 copies/mL in the last 2 years, and no 

HBV or HCV co-infections). In the present study, long-term HIV infection was defined as a 

diagnosis more than 5 years previously. Samples from non-infected healthy blood donors (HDs, 

n=22) were obtained from the Etablissement Français du Sang (Saint Louis Hospital, Paris, 

France). Serologic status for CMV was determined using a Liaison XL CMV IgG assay (Diasorin, 

Sallugia, Italy). An additional 92 samples from HIV-infected patients studied at primo-infection, 

ART-exposed patients at m24 post-infection (ANRS 147 OPTIPRIM trial) [31] and from HICs 

were used to study the impact of blood sample processing on CD57 expression by CD8
+
 T cells. 

 

Blood sample processing and staining for flow cytometry 

Fresh whole blood samples were incubated with human Fc block for 20 min at room temperature 

and then with labeled antibodies against surface markers. After incubation, red blood cells were 

 y        g B   A  ™ Ly   g          (B  B          , Franklin Lakes, NJ, USA), washed in 

PBS 1X, and fixed with 1% PFA. The following antibodies were used: PD-1 (EH12-2H7), CD38 

(HIT2), CD3 (SK7), HLA-DR (G46-6), CD45RO (UCHL1), CD27 (L128), CD28 (CD28.2), CD57 

(NK-1), CD4 (OKT4), CCR7 (GO25H7), CD8 (SK1), KLRG-1 (REA261), and TIGIT (MBSA43). 

For a small number of samples, cytotoxic granule content was evaluated via intracellular staining 

for perforin (D48) and granzyme B (GB11) after fixation/permeabilization, using a Foxp3 

transcription factor fix/perm kit (eBioscience/ThermoFisherScientific, Waltham, MA, USA). 

Cryopreserved peripheral blood mononuclear cells (PBMCs) were also used to compare patient 

samples prior to flow cytometry. The PBMCs were isolated from EDTA-anticoagulated blood 

using Ficoll density gradient centrifugation. Cells were cryopreserved in fetal bovine serum 

supplemented with 10% dimethyl sulfoxide. Samples were acquired on an LSR Fortessa cell 
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analyzer (BD Biosciences), and the resulting data were analyzed using FlowJo V10 software (BD 

Biosciences).  

 

Statistical analyses 

Statistical analyses were performed using GraphPad Prism software (version 8, GraphPad 

Software, San Diego, CA, USA). Intergroup comparisons were performed using non-parametric, 

unpaired Kruskal-Wallis or Mann-Whitney tests. Non-parametric, paired Wilcoxon tests were used 

for paired data (e.g. a comparison of CD57+ and CD57- fractions in the same sample).  p   m  ’  

coefficient was calculated in correlation analyses. The threshold for statistical significance was set 

to p<0.05, and p values were labelled as follows: *, p<0.05; **, p<0.01; ***, p<0.001; and ****, 

p<0.0001).  

 

Results 

Study participants 

Forty-four HICs and 38 chronically infected, ART-exposed patients (infected for more than 5 

years, and with a controlled viral load for more than 2 years) were analyzed and compared with 22 

uninfected HDs (Table 1). The HIC and ART groups did not differ significantly in terms of the 

male/female ratio, the CD4 and CD8 counts, and the proportion of CD8
+
 T cells. The proportion of 

CD4
+
 T cells and the CD4/CD8 ratio were higher in the HIC group than in the ART group. The 

percentage of CMV-immunized individuals was significantly higher in two HIV groups than in the 

HDs (50% for HDs, 89% for HIC, and 92% for ART patients; p<0.0001). 

 

CD57 expression by E and TE CD8
+
 T cells is lower in HICs than in HDs 

Given that immunosenescence has been associated with greater terminal differentiation, we 

analyzed the distribution of CD8
+
 T cells subsets on the basis on the CD45RO, CCR7, CD28 and 

CD27 expression [32]. The percentage of naïve (N) CD8
+
 T cells was significantly lower in HICs 

and ART patients than in HDs (16.9±13.0, 14.7±14.9 and 25.3±10.4, respectively; p=0.02 for HDs 

vs. HICs, and p=0.001 for HDs vs. ART patients). The proportion of central memory (CM) CD8
+
 T 

cells was low in all groups [33] but was significantly lower in ART patients than in HICs and HDs 
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(2.0±1.6%, 3.3±2.3% and 3.5±1.8%, respectively; p=0.004 for ART patients vs. HDs, and p=0.02 

for ART patients vs. HICs). We did not observe any intergroup differences in the distribution 

profiles of effector memory (EM) or effector (E) CD8
+
 T cells. The end-differentiated TE CD8

+
 T 

cells subset was more abundant in both HICs and ART patients, relative to HDs (24.3±14.5%, 

26.4±17.2%, and 12.1±10.8% respectively; p=0.001 for HICs vs. HDs, and p=0.0006 for ART 

patients vs. HDs). We next evaluated intergroup differences in KLRG-1 and CD57 expression for 

total CD8
+
 T cells or the CD8

+
 T cell subsets (Fig 1B and C). KLRG-1 expression on total CD8

+
 T 

cells was higher in HICs and ART patients than in HDs (64.3±17.0%, 63.4±21.0%, and 

50.4±17.1%, respectively; p=0.02 for HICs vs. HDs, and p=0.02 for ART patients vs. HDs), and 

increased progressively from the CM subset to the EM, E and TE subsets in that order. There were 

no intergroup differences in KLRG-1 expression on CD8
+
 T cells subpopulations with the 

exception of the N subset, for which the proportion of KLRG-1-expressing cells was slightly but 

significantly higher in HICs than in HDs (7.3±5.0% and 3.6±2.5%, respectively; p=0.007). A 

different picture emerged when considering CD57 expression. Although the proportions of CD57-

expressing total CD8
+
 T cells were similar in the three groups, HICs displayed significantly lower 

proportions of CD57
+
 E and TE CD8

+
 T cells (45.8±25.3% for E and 52.8±24.8% for TE) than 

HDs (77.3±19.5% for E and 76.9±18.4% for TE; p<0.0001 for E, and p=0.0002 for TE). HICs also 

displayed a lower proportion of CD57
+
 E CD8

+
 T cells than ART patients (63.5±21.7% for E, 

p=0.01). These results reveal that E and TE fractions in HICs have a peculiar phenotype, with 

lower CD57 expression than in HDs and (for E CD8
+
 T cells) ART patients but no differences in 

KLRG-1. 

 

Discrepancy between measurements of CD57 expression in fresh vs. frozen-thawed blood 

samples 

The lower proportion of CD57-expression on CD8
+
 T cells in HICs than in ART patients was not 

consistent with previous results (including those from our laboratory) [16]. Our two studies differed 

with regard to the blood sample p        g      h  p       ’  h            s (the time since 

diagnosis). All the analyses were performed on fresh whole blood in the present study and on 

cryopreserved PBMCs in the previous study. Hence, in order to investigate the potential influence 



9 
 

9 
 

of blood sample preparation on our results, we compared the percentage of CD57
+
 CD8

+
 T cells in 

92 samples from HICs and ART patients prepared with the two approaches in parallel (i.e. fresh 

whole blood and cryopreserved PBMCs; Fig. 2A). We observed a significantly higher proportion 

of CD57-expressing cells in the cryopreserved samples than in the fresh blood samples 

(32.3±14.2% vs. 24.1±14.2%, respectively; p<0.0001). Moreover, the relative increase in CD57 

expression after cryopreservation was heterogeneous: the proportion CD57-expressing cells was 

even more greater when basal CD57 expression in fresh blood was low (with a 12.0±9.2% increase 

in CD57 expression for low levels of CD57 expression, and a 4.4±13.5% increase for high levels of 

CD57 expression, p=0.0003) (Fig 2B). Our results highlighted the harmful impact of PBMC 

isolation and/or cryopreservation on the analysis of CD57 expression. 

 

CD57 expression on CD8
+
 T cells is associated with CMV status in HDs, and with CD8 counts 

in ART-exposed patients and HICs 

We evaluated the impact of CMV infection on CD57 expression in all groups of participants. 

Whereas CMV directly impacted CD57 expression in total CD8
+
 T cells in HDs (data not shown), 

these analyses were not available in HIV-infected patients who were predominantly immunized 

against CMV. However, the impact of CMV status on the total CD8
+
 T cell population in HDs was 

not observed for the CD8
+
 T cell subsets - suggesting that the association between CMV status and 

CD57 expression primarily reflects a change in the proportions of cell subsets. Importantly, the 

difference in CD57 expression by E CD8
+
 T cells between HICs and ART-exposed patients was 

also observed when considering CMV-immunized participants only. We next looked at whether 

CD57 expression was associated with the CD4/CD8 ratio and the CD8 count, i.e. standard markers 

of immunosenescence: (Fig 3A). We did not observe any correlation between CD57 expression and 

CD4/CD8 ratio in HICs or in ART-exposed patients; this was presumably because the direct 

influence of HIV infection on the CD4/CD8 ratio had overcome the senescence-driven change in 

the CD4/CD8 ratio. However, the percentage of CD57
+
CD8

+
 T cells was positively correlated with 

the CD8 count in HICs (p=0.02, r=0.35) and even more so in ART-exposed patients (p=0.005, 

r=0.44). 
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Non-CD57-expressing CD8
+
 T cells exhibit a sizeable proportion of cells with cytotoxic 

potential, which are more numerous in HICs than in ART-exposed patients 

CD57 can also be considered as a marker of full E cell differentiation. As such, low CD57 

expression might correspond to limited cytotoxic potential among CD8
+
 T cells in HICs. To 

address this aspect, we evaluated the cytotoxic potential of CD57
+
 and CD57

-
 fractions among EM, 

E and TE subsets (the three subsets with the potential for direct cytotoxic activity ex vivo) in HICs 

and ART-exposed patients by detecting perforin (Perf) and granzyme B (GrzB) contents (Fig 3B). 

The low numbers of CD57
-
 cells in EM, E and TE subsets in HDs prevented us from comparing the 

latter group with HICs and ART-exposed patients. In the EM CD8
+
 T cell fraction, the proportion 

of cells containing GrzB-Perf was higher among CD57
+
 cells than among their CD57

-
 counterparts 

for both HICs (46.0±20.4% in CD57
+
 cells and 32.8±16.9% in CD57

-
 cells; p=0.001) and in the 

ART group (26.4±11.7% in CD57
+
 cells and 12.6±8.1% in CD57

-
 cells; p=0.002). However, both 

the CD57
+
 and CD57

-
 EM fractions displayed significantly greater direct cytotoxic potential in 

HICs than in ART-exposed patients (p=0.016 and p=0.006 for the CD57
+
 and CD57

-
 fractions, 

respectively). In the E CD8
+
 T cell fraction, CD57

+
 fractions also contained more Perf and GrzB 

than their CD57
-
 counterparts in both HICs (65.3±21.8% in CD57

+
 cells and 49.9±22.9% in CD57

-
 

cells; p=0.001) and ART-exposed patients (47.4±15.5% in CD57
+
 cells and 30.2±16.0% in CD57

-
 

cells; p=0.002); this finding is in line with the literature data on an association between CD57 

expression and greater cytotoxic contents. Importantly, CD57
+
 and CD57

-
 E CD8

+
 T cell fractions 

had a significantly higher intracellular GrzB-Perf content ex vivo in HICs than in ART-exposed 

patients (p=0.036 and p=0.025 for CD57
+
 and CD57

-
 cells, respectively). In the most differentiated 

fraction (TE CD8
+
 T cells), CD57

+
 cells still contained more Perf and GrzB than their CD57

-
 

counterparts (67.5±19.1% vs. 51.5±19.9% in HICs; p=0.003; 55.8±19.1% vs. 37.4±18.9% in the 

ART group; p=0.004). The CD57
-
 CD8

+
 T cell fraction also had a greater intracellular GrzB-Perf 

content ex vivo in HICs than in ART-exposed patients, although the difference was not statistically 

significant. 

Taken as a whole, we thus confirmed the presence of higher levels of cytotoxic contents ex vivo in 

CD57-expressing cells than in CD57
-
 counterparts, and showed that such this difference in 

cytotoxic potential affected the all subsets considered (EM, E and TE CD8
+
 T cells). We also 
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observed a sizeable proportion of CD57
- 
cells with high levels of cytotoxic content. Importantly, 

the proportion of cells exhibiting high cytotoxic content in the CD57
-
 EM, and E subsets of CD8

+
 T 

cells (and, to a lesser extent, the TE CD8
+
 T cells) was significantly higher in HICs than in ART-

exposed patients. 

 

Discussion 

In the present study, we assessed immunosenescence in chronically HIV-infected HICs and ART-

exposed patients (median time since diagnosis: around 15 years) by measuring the frequency of 

CD57 and KLRG1 expression. Expression of KLRG-1 (but not CD57) on total CD8
+
 T cells was 

more frequent in both groups of HIV-infected patients than in HDs. A different picture emerged 

when considering the differentiation status of CD8
+
 T cells. In line with the literature data, CD57 

expression was strongly associated with E and TE fractions. Whereas KLRG1 was strongly 

expressed in E CD8
+ 

T cell fractions from all groups (and thus was not discriminative), HICs had a 

lower frequency of CD57-expressing E and TE CD8
+ 

T cell than HDs and (for the E CD8
+ 

T cells) 

the ART-exposed patients. This observation was unexpected because it contrasted with previous 

reports (including those from our group) [7,14–16]. Here, we demonstrated that measurements of 

CD57 expression were sensitive to Ficoll isolation and freeze-thawing; our results therefore 

strongly suggest that CD57 staining of fresh, whole blood samples should always be used to 

accurately assess CD57 expression. We next ruled out bias due to CMV status: the difference in 

CD57 expression on E CD8
+ 

T cells between HICs and ART-exposed patients was still observed 

when comparing CMV-immunized participants only. The functional relevance of low CD57 

expression among E CD8
+
 T cells is difficult to                 f   57’  multiple roles. Indeed, 

CD57 expression has been linked to proliferative senescence, terminal differentiation, migration 

towards non-lymphoid sites and even an immunosuppressive function in some reports. These 

conflicting observation also reflect our poor knowledge of CD57 expression. The protein is not 

expressed in macaques or mice, which thus precludes a detailed characterization of its regulation. 

When considering the association between CD57 expression with E CD8
+
 T cell differentiation, we 

found that the proportions of E and TE fractions were similar in HICs and ART-exposed patients; 

this finding suggests that E CD8
+
 T cell differentiation occurs in both groups. A recent study 
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demonstrated that CD57
+
 TE cells may have low functional plasticity [12] and may thus impact the 

quality of immune responses. HICs may have a more balanced CD57 expression profile among 

their E and TE CD8
+
 T cell fractions. Regarding the diversity of the HIV reservoir (present in both 

lymphoid and non-lymphoid tissues) and persistent mucosal alterations, preservation of both the 

CD57
-
 fraction (with its migratory potential) and the CD57

+
 fraction may allow the development of 

a consistent immune responses at all reservoir sites. However, it is important to note that these 

analyses were performed on total CD8
+
 T cells and did not enables firm conclusion to be drawn 

concerning the differentiation profile of HIV-specific CD8
+
 T cells. In fact, these analyses probably 

reflected the impact of long-term, controlled HIV infection on total CD8
+
 T cell differentiation. 

Regardless of the HIV-specific CD8
+
 T cell ’ responses, our results demonstrate that the 

modification of this differentiation profile in HICs does not remove the CD8
+
 T   mp   m   ’  

cytotoxic potential. The GrzB-Perf content in the CD57
-
 fraction from HICs was similar to that 

observed in the CD57
+
 fraction of ART-exposed patients. Taken as a whole, our results suggest that 

CD8
+
 T differentiation involves different pathways in long term ART-exposed patients and HICs. 

In ART-exposed patients (but not HICs) CD8
+
 T cell differentiation is terminal and predominantly 

leads to the generation of CD57
+
 TE cells - presumably indicating the development of senescence. 

The mechanisms underlying this difference remain to be determined but might be related to the 

cumulative viral load, cumulative inflammation, and/or the intrinsic properties of CD8
+
 T cells. 

Furthermore, we observed an association between CD57 expression in CD8
+
 T cells and the CD8

+
 

T cell count (a standard marker of senescence) - suggesting that CD57 expression in this context 

may also be a marker of cell senescence. The lack of an association between the CD4/CD8 ratio 

and CD57 expression may reflect the fact that the CD4/CD8 ratio is obviously greatly influenced 

by the level and duration of HIV replication (during both the acute and chronic phases) and the 

duration of ART, which may thus blur the influence of aging on this parameter. 

In conclusion, HICs exhibited a more balanced CD57 expression profile among E and TE CD8
+
 T 

cell fractions than ART-exposed patients did. Our present results showed that CD57
-
 EM, E (and, 

to a lesser extent, TE) CD8
+
 T cells display non-negligible cytotoxic potential, especially in HICs. 

The CD57
-
 cell fraction may be more plastic (in terms of proliferative, migratory and cytotoxic 

activity) than the terminally differentiated CD57
+
 fraction. Given that CD57 expression is also 
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associated with senescence, it is tempting to speculate that CD8
+
 T cells from HICs may be less 

affected by senescence; limited differentiation towards the CD57
+
 fraction might preserve the 

plasticity of CD8 T cells. 
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Table 1. Characteristics of the study population 

 

  HDs HICs ART-exposed p 

n 22 44 38 

 Median [interquartile 

range] age (years) 43 [35-55] 52 [44-56] 51 [45-58] 0.042 
#
 

CMV
+
 serostatus (%) 50 89 92 <0.0001 

§
 

Males (%) 68 48 58 ns 

Time since infection (years) 

 

14 [12-24]* 16 [10-25] ns 

Treatment duration (years) 

 

not applicable 12 [7-18] 

 HIV RNA (copies/mL) 

 

<400 <40 

 CD4 T cell count (/µL) 

 

719 [534-907] 726 [485-926] ns 

CD4 T cells (%) 

 

40 [32-46] 32 [23-43] 0.006 

CD8 T cell count (/µL) 

 

673 [526-936] 846 [506-1234] ns 

CD8 T cells (%) 

 

35 [30-43] 42 [30-50] ns 

CD4/CD8 ratio 

 

1.2 [0.8-1.5] 0.8 [0.4-1.4] 0.019 

     #
 analysis of variance for the three groups: p=0.046 for HDs vs. ART-

exposed patients 

  
§
 Chi-squared test for the three groups. Fisher's exact test : p=0.0015 for HDs vs. HICs, and p=0.0004 for 

HDs vs. ART-exposed patients 

* Defined as the estimated time since diagnosis 
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Legends 

Figure 1. Lower CD57 expression on effector and terminal effector CD8
+
 T cells in long-term 

HICs than in ART-exposed patients 

(A) Distributions of naive (N), central memory (CM), effector memory (EM), effector (E), and 

terminal effector (TE) CD8
+
 T cell subsets in HIV- HDs (stars), HICs (open circles) and ART-

exposed patients (grey circles). The subsets were defined as follows: naive (N) CD45RO
-

CCR7
+
CD28+CD27

+
, central memory (CM) CD45RO

+
CCR7

+
CD28

+
CD27

+
, effector memory 

(EM) CD45RO
+/-

CCR7
-
CD28

+/-
CD27

+
, E CD45RO

+
CCR7

-
CD28

-
CD27

-
 and TE CD45RO

-
CCR7

-

CD28
-
CD27

-
. (B), (C) Percentages of KLRG-1- and CD57-expressing cells among total CD8

+
 T 

cells and CD8
+
T cell subsets. Staining was performed on fresh, whole blood samples collected 

from 22 HDs, 43 HICs and 38 (for CD57) or 33 (for KLRG-1) ART-exposed patients. Intergroup 

comparisons between groups were performed using non-parametric, unpaired Kruskal-Wallis tests. 

Graphs show the median values and p values (*, p<0.05; **, p<0.01; ***, p<0.001; ****, 

p<0.0001). 

 

Figure 2. CD57 expression as a function of the blood sample processing 

Comparison of the percentages CD57-expressing CD8
+
 T cells measured in fresh whole blood or 

with cryopreserved PBMCs. The two methods were used on 92 samples collected from HIV-

infected populations (HICs and ART-exposed patients). Left graph: CD57 expression measured on 

fresh blood samples or on freeze-thawed PBMCs. Right graph: impact of Ficoll separation and 

cryopreservation on CD57 expression as a function of the level of CD57 expression in fresh whole 

blood. Samples were separated on the basis of below-median or above-median CD57 expression 

measured in fresh, whole blood. Differences were assessed in a Wilcoxon test for paired samples. 

 

Figure 3. Association of CD57 expression with immunosenescence markers and cytotoxic 

granule contents 

(A) Graphs showing the percentage of CD57-expressing total CD8
+
 T cells as a function of the 

CD4/CD8 ratio (left), and the blood CD8
+
 T cell count (right) among HICs (open circles) and 

ART-exposed patients (grey circles).  (B) Analyses of cytolytic granule contents in EM (left), E 
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(middle) and ET (right) CD8
+
 T cell fractions from HICs and ART-exposed patients. The graphs 

show the percentage of perforin
+
 granzyme B

+
 cells among the CD57

+
 (black circles) and CD57

-
 

(open circles) CD8
+
 T cell fractions in 11 HICs and 10 ART-exposed patients. 
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Supplemental Table 1

HIC

n 50

Follow-up duration (years) 14 [12-22]

Subjects with VL<50 copies/mL at the time of analysis 34 (68%)

VL in subjects with VL>50 copies/mL at the time of analysis (copies/mL) 107 [73-203]

Elite Controllers (subjects who never experienced VL>50 copies/mL during the 
follow-up)

13 (26%)

Blippers (subjects who experienced VL≥50 copies/mL during the follow-up) 37 (74%)

Subjects with protective HLA-B alleles (HLA-B*27, HLA-B*57 and/or HLA-B*58) 24 (48%)

CD8 T cell response (SFC/106 PBMC) 796 [130-4155] n=47

Capacity of viral replication inhibibition (Log P24 decrease) 0.46 [0.07-2.45] n=49

Strong Responders (subjects with Log P24 decrease>2) 14 (29%) n=49

Weak Responders (subjects with Log P24 decrease<2) 35 (71%) n=49



Figure S1. Gating strategy and antibodies references
Fresh blood samples were analyzed for the expression of 11 markers allowing characterization
of T cell differentiation, activation and senescence profile. The gating strategy is shown for
(A) CD4+ and CD8+ selection among CD3+ cells; (B) naive (N), central memory (CM), effector
memory (EM), effector (E) and terminal effector (TE) gating among CD8+ T cells and (C) for
the identification of CD57+ and KLRG1+ cells in total CD8+ T cell or each specific subset.

The characteristics of the antibody used are as follows: CD38-V500 (HIT2, BD); CD3-BV605
(SK7, BD); HLA-DR-BV650 (G46-6, BD); CD45RO-BV711 (UCHL1, BD); CD27-BV786 (L128, BD);
KLRG-1-FITC (REA261, Miltenyi); CD28-PE (CD28.2, BD); CD57-PECF594 (NK-1, BD); CD4-PE-
Cy7 (OKT4, BD); CCR7-AF700 (GO25H7, BD); CD8-APCH7 (SK1,BD)). The gating strategy for the
expression of 11 markers

In CD3+CD8+ T cells

N CD8+ T cells
CCR7+CD27+CD28+CD45RO-

CM CD8+ T cells
CCR7+CD27+CD28+CD45RO+

EM CD8+ T cells
CCR7-CD27+

E CD8+ T cells
CCR7-CD27-CD28-CD45RO+

TE CD8+ T cells
CCR7-CD27-CD28-CD45RO-

A

B

C

Supplemental Figure 1
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Figure S2. Impact of blood sample treatment on CD57 expression
Comparison of the percentage of CD57+ among CD8 T cells analyzed from fresh whole blood,
fresh PBMC or cryopreserved PBMCs from 10 healthy donors (HD) and 10 HIC.
Statistical differences evaluated by Wilcoxon paired t- test.
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Figure S3. Impact of CMV status on CD57 expression
Subgrouping of HD based on CMV+ or CMV- seropositivity. Comparison of the percentage of
CD57+ cells either in total CD8 T cells or in the various T cell subsets (N, CM, EM, E, TE).
Statistical differences evaluated by Mann-Whitney test.
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Figure S4. Impact of age, the duration of infection and CD4 T cell percentage on the 
percentage of CD57+ among total and effector CD8 T cells
Subgrouping of the HIV-infected patients presented in Fig 1. Subgrouping for age and the
duration of infection was performed to obtain three groups of equal size. Subgrouping for CD4
T cell percentage was based on strategy already described in the literature. Statistical
differences evaluated by Mann-Whitney test (for CD4 T cell percentage) or Kruskal-Wallis test
(for age and duration of infection).
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Figure S5. Impact of various parameters involved in HIV control on the percentage of CD57+ 
among total and effector CD8 T cells
Subgrouping of the HIC patients presented in Fig 1. Subgrouping for protective HLA, gender,
HIV specific g-IFN responses, blip vs non blip, strong vs weak responders. Statistical
differences evaluated by Mann-Whitney test.
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